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Chapter 1
INTRODUCTION

Carnations (Dienthus caryophyllus L.) today rank
second to roses in cut flower production. The first care
nations wore éingle flowers with five petals, wesk stems,
and bloamed only in the spring. Today!s carnations have
largo double flowers, strong flower stems, and the plants
bloom continuouslys. Carnation culture has developed from
a nobby to a large industry in the past 100 years. In the
Denver area alone, it is & multi-million dollar business,

Although thore is some outdoor production in
California and elsewhere, carnations are best produced as
a glasshouse crop where nighis are cool and light intene
sity 1s high. The bulk of production is in liew England,
some Middle Atlantic and Midwestern states, Colorado, and
northern California, As with other glasshouse plants
grown in an artificial environment, carnations have many
cultural and dlsease problems. One of the more Iimportant
pathogenic limitations to the productlion of carnations 1is

bacterial wilt caused by Psoudomonas caryophylli (Burkh.).

The most striking symptom of this disease 1s a
sudden wilting of one or more branches, fThese wilted

branches have a gray-green color and become dry. In the
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advanced stage of wilt the branches turn tan or brown. A
vascular dlacoloration may be found extending from the roobs
to the uppor apical portion of the plant.

Roots of infected plants gradually disintegrate
and become soft, often sloughing off when the plants are
lifted from the soils The outer basal portion of the
plant may be soft with decay evldent, When the bark of
this area is torn away, the exposed tissue is sticky to the
touch and is yellow to brown in color.

To date there is no satisfaotééy moans of elimie
nating the orgenism, once it has ontered the plant. FPrew
sent controls recommended are the use of clean cuttings
and soil pasteurization. In the llight of recent advances
in chemotherapy for the control of plant diseases, it may
be possible to control bacterial wilt by such means, In
ordsr to approach properly the control of this disease by
canenotherapy, it is necessary to understand the nature of

thﬁ Wiltq

™e problem

What is the nature of the wilt of carnation

caused by Pseudomonas caryophylli?

Problem analysis.-=-RBeforo answering the major

question, it is necessery %to answer the following:

1. Does p. caryophylli plug the vessels of the

host plant to produce wilt?



2. Does P. carvophylli produce & wilt-inducing
toxin?

S« If a toxin 1s produced, whet is 1t?

Delimitationse==ls Cultures used in this study

were single-cell cultures of P. caryophylll obtained at a
dilution of 1110,000. frem V¥William S8Sim and Virginia lercules
variseties of carnation,

2. vAll work was limited to the laboratory and
groenhouse .

Delinition of termg.--l. Eacterial suspension,

as used hereo, is a suspansion of bacteria scraped from the
surface of potatec-dextrose agar In sterile distilled water.
2. A toxin 1s a substance produced by an organe-
ism that will cause wilting in a plant,
3¢ Carrior shall refer to a plant infected with
P, coryophylli but not showing symptoms of wilt,
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Chapter II
REVIEW OF LITERATURE

As early as 1939, in Midwestern Unlted States,
carnations were raeported to wilt suddenly from causes not
previously deseribed. In 1940 Jones (13) observed carna=
tion plants afflicted with a sudden wilting that caused the
subgequent death of the plants in a glasshouse in Spokane,
Washingtons Isolation cultures of the organism and inocuw
lation tests showed the dlsease to be caused by a bacterium
that appeared to be different from any previously described
bacterial plant pathogen. The disease was named bacterlal
wilt, Diseased plants were sent to W, He Burkholder at
Cornell Universlty for doterminative studies on the causal
organisme

Burkholder (3) proposed the name FPhytomonas cary-

ophylli n. 8p., &5 such characteristics as curved rods with
polar flagella, the action on milk and asparagine, the use
of formates, and the lack of st production and of starch
hydrolysis,‘plaqed the bactorium in the Pseudomonasg group.
Since then the genus Phytomonas has been regrouped and the
causal organism 1ls now known as Pssudomonas caryopnylll

{ Burkh) Bergey, et ﬁ_];o
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Until recently most of the research on bacterial
wilt of carnations has been pursued in light of direct
commercial applicatlion for control. Previous recommended
controls, for the most part, have been proved unsatisface
tory. Carnation cuttings were dipped for 10 minutes in a
solution of one ounce of potassium permanganate dissolved
in seven and one-half gallons éf water (7)s In the use of
liquid disinfectants, denger 1s encountered when bacteri-
cidal ingredients become neutralized or depleted, thereby
allowing the liquid to become a source of infections Cone
sequently, cutting dips have not been satlsfactory. Steam
sterilized soll, along with planting of disecase~free stock,
is the only present method of control,

In an effort to determine varietal resistance of
carnations to bacterial wilt, Tilford, at Ohlo State Unie
vorsity in 1946, Inoculated 45 varieties of carnations
wita the causal bacteria. Of those tested, only one third
of the varleties wore in that range wihloch showed a 20 per
cont inoidence of infectlon by bacterial wilt, and of
these only two, John Briery and Olivette, are cﬁrrently
being grown commercially in the Denver area.

Recently Lewis et al. (14) demonstrated that
bacterial wilt develops rapidly at temperatures 85° P, or
aboves Rooted carnation plants inoculated at the time of
planting showed a 66 per cent incidence of infection,
whereas those inoculated one and two weeks after planting



showed four per cent and two per cent infection, respece
tivelys Also, ocuttings rooted in vermiculite did not be-
cone Infeoted 1f inoculated in the rooting media without
disturbing the roots, This demonstrated that carnation
roots may be able to resist ingression by the bacteria
providing the roots are uninjured or sufficlent time 1is
allowed for periderm to for: over the wounded area,

To approaca the problem of control of this dise
. ease by chemotherapy, or other means, it is necessary to
understand how this organism reacts with the plant when
causing wilt., In the case of Stewart!s disease of corn,

caused by Bacterium stewartl, there 1s a definite plugging

of the watereconducting systom which 1s the primary cause
of the wilting (9). Pseudomonas tabaci, the causal agent

for "wildfire" disease of tobacco, has been found to pro=
duce a toxin responsible for tho haloes on the leaves (2).
However, noun-wilt ineclting phytopathogenic bacteria (6,10),
Fusaria (8,17), and othor fungal organisms (5) havé been
found to produce wilt-inducing toxins.

In & preliminary repori, Holtzmenn and Thomas
(11) tested unrooted carnation cuttings in bacterial susw
ponsions and filtrates of bacterial suspensions of P,
caryophylli. All cuttings in these treatments wilteds It
was suspected that & toxin may be the primary wilteinducing

agent of the carnations.



Chapteyr III
METHODS AND HATLERIALS

Hlstological
studies

In order first to establish whether or not
mechanical plugging occurred in the wvascular elements, 1t
wes necessary to undertalke histological studies of the
carnation stems

Stems of carnation plants that appeared to be
fres fram infection, and others showlng synmptoms of wilte
ing, were sectioned at various levels and placed in a kille
ing solution of formaleacetic~alcohol sabturated with
IigClys Other sections of these same stems were culbured
on potato~dextrose agsr to determine the presence of r.

caryophylli. Sections resulting in positive isolations

wore then passed through an alcohol=xylol series, embedded
in paraffin, sectloned and subsequently stained with the

safranin-fast green stain (16).

Toxin studles
It hos boen esicblished by CGottliecd (8) that the

mechanism of Fusarium wilt of tomato is incited by a toxin,

lycomarasmine In view of this, the possibility of the pro=-

duction of a toxin by P. caryophylll seemed to be a factor

not to be overlookod.
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In preliminary studies (11) unrooted carnation
ocuttings were found to wilt when placed in a filtrate of a

suspension of P. caryophylli., A Seitz "Hercules" f{ilter

was used to obtain the bacteria~free flltrate. The filw
trates were determined to be bacterla«free by streaiing
agar platess The filtrate was [iltered into sterilized
test tubess All cuttings were surface~sterilized by dipe
ping them into a 1:1000 sodium hypochlorite solution for
two minutes and then rinsing in three successive changes

of sterile dilstilled water. Cuttings were then suspended
in the desired treatments of filtrates (as further described
~ below) or sterile water by wrapping cotton around each cute
ting about six centimeters from the base and then placing
it in the test tube so that the base of the cutting was
submersaed two to three centimeters. All carnation cuttings
used in those tosts were of the susceptible White Patrician
variety. In subsequent tests with rooted cuttings, the
same methods were used.

vilt induction bo

artificially cule
turecd bacteria

Single~cell cultures of P, garyophylli were cule

tured on potato dextrose agar. The colonies were then
scraped off the surface of the agar into Dco of sterile
distilled water., Filtrates were obtained by passing this
bacterial suspension throuzh a bacterisl filter. The file
trate was adjusted to pil 6.8, which was the same pill as the
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sterile distilled water and the bacterlal suapension.

Rooted carnations were treated in unfiltered
bacterial suspensions, filtrates of bacterial suspensions,
filtered water used to flood the surface of sterile agar
plates, and sterile distilled water. These four treat=
ments were roplicated 10 times and were repeated in five
geparate testss Duration of the treatments was from two
to seven days.

{he tubes containing the testis were placed at
randon in a rack and a buffer row of carnations in tubes
of water was placed around the entire test in order to
reduce transpiration due to alr currents.

In an effort to determine whether or not the
wilt=-inducing agent was contained in the soluble fraction,
the filtrate was treated witn ethanol, 5,33 ml for each
milliliter of filtrate. This wes heated to facilitate
the precipitation of the inaoluble fraction, after which
it was flltered through a Buchner funnels ‘This filtrate
was then evaporated to oné fourth the volume of theo orie
ginal filtrate in order to remove the ethanol. The re-
wainder was restored to original volume by the addition
of sterlile distilled water. Rooted cubttings were then
tested for wilteinduction in this 1liquid, using the pre=
vious method of testing.
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Wilteinduction by
extracts fron
dlscased plants

Two hundred grams eacn of diseased and healthy
stems were macerated separately in a Varing blender, using
200 ml of sterile water for cach sample., The Julce from
oach of these was {irst passed throuzgh cotton and then
centrifuged. Lach sample of julce was divided Into two
portions, one of which was passed througa a bacterial
filter and adjusted to pd 6.6+ The other was left unfile
tered and unadjusted.

Treatments of rooted carnations in filtered and
unfiltered extract from diseased plants, filtered and un-
filtered extract from healthy plants, and sterile dise
tilled water were used, These five treatments were repli=-
cated five times and repeated in five separate tests.

Expressed Julce from diseased and healthy carnae
tions was treated with the alcohol extractlion treatment
and this purlfied Julce was tested for toxicity in the
nannsr previously described.

The same rack was used as before with & buffer
border of carnations to reduce transpiration by the car-
nations in the treatments. |

Transpiration
studles

Rooted and unrooted carnation cuttings of equal

stem diameter and leaf areoa were placed in unfiltered
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bacterial suspensions and sterile distilled water. Reade
ings in loss of liquid by weight were taken at 24<hour
intervals. These readings ﬁere used as transpiration
data, This tost was conductod at room temperature 21933°C,
and relative humidity 20 per cent # 3 per cents A dblock
of 10 tubes for each treatment was replicated thrée times.
The readings were averaged for each day and piotted as
points on a transpiration curve.

Fospiration
observations

Respiration obgervations were made in each
experiment. A record of amounts of gases given off from
the roots was made f'or each of the wilteinduction experie
ments. This was accomplished by making an arbitrary evalu-
ation of gas evolution by the roots.

Paper-partition
chyomatograpay

A spacial experiment was designed to determine
the differences, if any ia the amino acid and éugar con=
tent in digeased and healthy carnations. In order to obe
tain plant extracts that were of the same composition,
diseased and healthy plants of the variety White 3im were
selected from the same greenhouse bench. Twenty ml of
plant extract were expressed fron Irozen disocased and
healthy plant material by means of a hydraulic press.

One hundred six ml of 95 per cent ethanol were used for



each 20 ol eliquot of plant extract in order to precilpie
tate proteins. The proteins were filtered off, the alcoe
hol evaporated, and the plant aliquot reduced to one fifth
volume by evaporation over & hot water bath (15). To
determine amino aclid concentration in the diseased and
healthy plant extract, three, five, six, and 10 Aaliquots
of these resulting liquids were altornated at three cm
intervals on sheets of Whatman No. 1 fllter paper. These
spots were placed two cm from the bottom of the sheet.

After the spots were dry, the filter papers were
rolled into the shape of a cylinder, the edgos fastened
together with cellophane tape, and were placed In Jars
containing 80 per cent phenole After the solvent fronts
had risen to the desired height, the papers wore removed,
air-dried, and sprayed with ethanol containing ninhydrin
regent (QL;/ The one~-dimensional spots of concentrated
amino ecids were measured oy & Welch densichron using a
vhite filters A statlistical analysls of the difference
in the amino aocid concentrations was made.

For qualitative determination of amino acids in
healthy and disecased plant extracts, a 1l0Aaliquot was
spotted at a distance of two cm from the bottom and two
cm from the edge of the paper. After the spot was dry,

the papexr was rolled and fastened as described before.

1/ Ninhydrin reagent--15 g of ninhydrin per 50 ml of 95
per cent alcohol plus one drop of glacial acetlice acide.
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snd placed in a Jjar containing 80 per cent phenol. After
the solvent front had risen to the desired height, the
puper was romoved and allowod to dry overnlght., The paper
was then twrned $0°, shaped into & cylinder, and again
fastened with celiophane tape. The c¢ylinders were then
placed in Jjars containing water-saturaiéd lutidine so that
the noew solvent front would be at right angles to the
phenol solvent fronts After the solvent fronts had reached
the desired height, the chromatograus were removed, &ire
drisd&, and sprayed with ninhydrin reagent (4).
Quantitative sugar determination followed the
same methods that were used in one-dimensional papexr-
partition chromatography for auino acids, In addition %o
the diseased and healthy extracts, spots of glucose and
fructose were nade. itaterials differed in that 77 per
cent ethanol was used as the solvent and 3,5=-dinitrosalie-
eylic aeidg/ was used for the spray after drying. After
the spray had airedried, the paper chromatograms were
placed in an oven at 110° C. for dovelopment of the spots,
As the spots developed & recotd was made as to the time

required for development and color (12).

2/ Aqueous solution containing 0.5 per cent of 3,5«=dinie
trosalicyclic acdd and four per cent of sodium
hydroxide.



Chapter IV
EXPERIMENTAL RESULTS

Histological
studles
o e e e s

Upon examination of the sectlions made of healthy
carnation tissue (Figs. 1 and 2) it was found that the
vascular tlssue appeared normal in that the xylem vesse.s
retained the safranin stain and the phloem siéve-tubes and
othor parenchyma cells stalned normally with the faste
green staln., There was no apparent obstruction in or
distorilion to the vascular tissue.

ﬁicroéoopic iavestigations of cross-sections of
disoased carnation stems (Figs. 3, 4, B, 6, and 7) showed
that one (Fige 3) or several of the water conduction vese
sels wero plugged by vactorial masses (Flze 4)s Further
explorations revealed proliferation of parenchyma cells in
the immediate area of infeetlion (Fig. 5), and the walling-
off of a bacterial mass by initiation of a periderm tissue.
In more advanced stages of infection there appeared to be a
lysis of xylem tlssue (#ig. 6)s There was no apparent
evidence of bacteria in the parenchymatous tissue,

Longltudinal soctions of diseased plants showed
that infected areas of xylem tissue wore continuous from

the basal portion of tho plant up into the leaves (Fig. 7).



Fige le==Cross section of a portion of a normal carnation
atem,
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Fig. 2.==Longitudinal section of a normal carnation stem.
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Fig. 3.=«Cross section of a dlscmsed carnation stem showing
one vessel plugged.
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Fipg. 4.=~~-Cross section of a discased carnatlon stem showing
‘ a group of vessels plugged.



Fig
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. S.==Cross section of discasod carnation stem showing
} bacterial mass walled-ofi by {(b) a »roliferaiion of
cells and {¢) the initiation of periderm tissue.
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C.==Cross gection
n snowing a lysis

iz celor of a diseased carnation
of xylci: tissue and some prolifera-~

tion »o% celise.



Filge Te==Longltudinal scectlon of a discased carnation stenm

at & ncde showing lysls oand Infeetion by bacterial mass
(&) in the base of a leafl,



Vnere tus Infection was restricted to a small group of the

vessoels, the Infectlous mass of bacterla was confined to
tn&t area throughout the length of the sten.
Wilt-induction by

rtificiall“ cul-
wred mactaria

All rooted carnation cutiings placed in treate

Q

mente of bacterial suspensionsg and filtreotes of bacterial
suspensions wilted in two to threo days. BHRooted cuttings
in sterile water which had been uged to flood the surface
of sterile potato dextrose erar plates shiowed signs of

wilting in four to five days. All rooted cuttings placed

in sterile distilled water wore still turgid a2t the end of

Alcohol precipltation ol the filtrate of a bace

terial suspension of . garvopnyllil resulied In the re=-
moval of protsins and peciinse. \Hootad carnation cutiings
placed in the {iltrate ol the soluble fraction (as dow-
geribed in Chapter I11) did not wilt, whereas cheeks of

rooted cutiings in the waprecipitated bacterial filtrate

silt-induection by
crtracits fron
clgdcaged plants

Mltored and unfiltered extracts (obtained as
described in Canapier I1I1) Ifrom diseasod carnation plants

induced wilt in rooted carnation cuvtings within two to



threo days, while filtered and wnfilicred exiracts of
cooewenation plants shiowed a slight amownt ol wilt

aftar flve doys. Those rooted cuttings in the soluble

fraction of tho extract of discased and healthy plants

fuiled to Induce wilt withiin tho period of seven days.

Transpiration curves for rootod and uarooted
caraatlon cuttinge placed in sterils water showed
sawe tendencey to take up & large amount of water during
the Lirst two dayvs and then deeresse on succeeding days
(Fi. €)¢ The sloping decline of the curves of the rooted
and unrocoted cu 53 in baeterial suspensions of D

carvophylll are correlated in that they show an inabllity

to take up as much water &s similar cuttlags in sterile

wabtor during the first two days.

Hegpiration
obuervetions

Observations made of rooted carnationa In
various btreatments wers based on the comparative amount
of gas plven off by the rootz. Thvse observations showed
thet cernations in itreatments of bacterial suspenglon,
filtersd vacteriel suspencion, diseased plant exiract,
and filtered diseased plant oxtract gave off large anounis
of' gos, Those cutilags in healthy plont oxtraect and sole~

v

uble fraction of neclily plant oxtract .ove ofll

&

a motoeriale



22, KEY® | \RoOTED CUTTINGS
e

IN STERILE WATER

UNROOTED GUTTINGS
IN BACTERIAL SUSPENSION

ROOTED CUYTINGS IN.
STERILE WATER

ROOTED CUTTINGS iN
BAC TERIAL SUSPENSION

WATER LOSS BY WEIGHT IN GRAMS.

Fig. S,=-«Tranzplration cuwrves {for rooted and unrooied care
nation cuttings in baciterial susvension and sterile wata



amount of gas. 4 small amount of gas was given off by
roots of cuttings in filtered agar water, filtered hcalthy
plant extract, and the soluble fraction of diseassed plant
extract. There was no gas glven off by the roots of cut-
tings in sterils water, soluble Iraction of bacterial sus=
reasion, soluble fraction of flliered bacterial suspone~
~sion, soluble fraction of {iltered healtzy plant extract,
and scluble fraction of filtered dlseased plant extract,

Tabvle L.

Upon the developuent of free amine acids on onew
aimcunslonal chromatogramns, characteristic spots were shown
to have sapérated.aut into {ive distinect spots at various
leveols (#ig. ©)s ©EBach of these spots contained one or
more amino aclds. The principel omino aclds measuroed in
these spots (as deseribed balfw) wero:

pot 1 - asparatic’acid and cysteic acid

[ &4]

Spot 2 « not measured

Spot - asparagine, serine, and glutamic acid

2 ¢
1

Spot Glutamine and tyrosine

Spot & -~ Gamma asino butyric acid, valine, and
leucine, or isoleucine.
Rf veluss were swasured for each spot. Since variance
anelyses for each three, rive, six, and 10 Aspots wore

comparable, only that for
tration 1g shown 1



Table l.-«RO0T RESPIRATION CDSERVATIONS HADE IN WILL-
IHDUCTION STUDILS.

Helative rates

Treatment of mas cvelution
= k4 i N » 2
Artificial culturc materials
bacterial suspension 3
Bacterial suspension {(filtered) 3
Ager water (filtered 1
Solutle fraction of bacberial suspension o}
Solucls fraction of filtered
bacterial susponsion 0
Natursl culture test®
Healthy plant extract 2
Healtny plant extract (filtered) 1
Soluble fraction of healtny
plant extract 2
Soluble Lfractisn of {iltered
healthy plant extrsact
Diseased plant exiract
ulscased plant extract ({lltered) 3
Solublo fraction of diseased
plant extract 1l
Soluble fraction of [{iltered
diseased plent extract 0
Sterile water control 0
1 . -, .- ~
ey O = no gae glven off
1 = gmall amount of gpas given off
2 = moderate amount of gus given off
3 = large anmount of gas glven off
2

Ireatments obtalned Ifrom P. caryonhylli growa on potato
aextrose agar.

6Treatments_obtained from healthy carnations and carnations
infected with Z.. caryoohylli maceraved in a laring blenden
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The variance analysis of the mean doensichron
readings Tor spot 1 showed that the healthy was 1.18 while
the diseased was 1.10, a diffcrence of 0,08, which was
highly significant. %he low density of spot 2 in the dis-
eased treatment did not warrant readlng. The mean densie
chron reading of l.71 for tne healthy spot 3 as compared to
1.50 for the discased showed & difference of 0.21, waich
was highly significant., Bpot 4 for the haalthy showed a
reading of 2,92 while the diseased showed & reading of 2,30
a difference of 0,62, whlch wae highly significent. ?The
mean densichron reading for spot & was 1,78 for the healthy
treatment and 1,55 for the diseased, & difference of 0.23,
which was highly significant, Table 2.

Two-dinensional chromatograms of the concen=-
trated Juice samples were developed in phenol as before,
then in lutidine at right angles to the first solvent
front. dinhydrin solubtion was the test reagent. Thirteen
anino seids wore identified by lent's method (4) of posie
pion and substitution. The followingz amino aclds were
found in healthy plant extract: aspartic acld, cystelc
acid, glutanic acid, serine, asparaglne, threonine, glu=-
tamine, btyrosine, lysine, gaima-anino butyric acid (GABA),
veline, loucine or isoleucine, and proline (#ig. 10).

In the two~-dimensional chromatograms of the cone-
centrated discased plant Jjulece (Pig. 11), 1t was found

that cystelic acid and lysine were absent. The anino acids,
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aspartic acid, seriné, asparagine, gslubtazine, and GADA were
present but in a smaller concentration. lowever, proline
was Incroased in the disecased plant extract and glutamic
aclid, threonine, tyrosine, valine, and leucine or isoleu=
cine were apparently no differeant in concontration from
that found in the concentrated healthy carnation plant
extracts

In the quantitative one-dimensional suger chromae
tozrams it was found that spots were developed in the
discased and healthy treatments to correspond with glucose
and fructoses 7There was, in addition, &. spot of one or
more unknowil sugars.

Varience analysis ol the spot of healthy and
diseased plant extracts, Table 3, sthowed that the mean
densichron reading for glucose in healthy plant Julce was
1.19 and the reading for the diseased plant was 1,19,
showing no difference. IHoweover, the densichron readings
for fructose were l.14 for the diseased plant extract and
1.15 for the healthy plant oxtract, a differenco of 0.01,
significant at the flve por ccnt level. Readings for the
spot of the unknown sugar gave 2 mean densichron reading
of 1.06 for the discased and 1.1l for the healthy, a dife
ference of 0,02 which was significant at the five per

cent level,
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Carnation cutitings frow infected =mother-planis
may hwve & small amount ol the causal bacterial wilt ore
ganism In them. During the course of rooting, whlch takos
avout four weeks, the temperature oif the rooting media is
controlled to about 65° F., o temperature wiich is not
Favorable for the rapid growth aad spread of the organiswme.
The length of time that is roquired to induce wilt in tho
plant is dopendent on udL temperature; the higher the

enporature, tho quickor the plant wilts. Wilt procoeds

{(12). & period of cool temporatures allows tho bacieria
to be walled=off (Figz. 5). The plant contains the bas
teria but siows no symploms of infectlon, thus serving «g
a carrier. £ the rooted cubting Lz planted into a bonch
wiere the soll bvemperature is higher than that of the
rooting benech, the bacteria become Infectious and the
plant subsequently succunns to bacterlal wilt,

in the case of disecase-Irecc carnatlon cuttings

planted inte a benea infestod with 2

]

a3 B STPIRENE I ¥, e o %o P BT R S R, " P RN SR T
procony ol Ingréssicn ludlo tie piaat kel oseuy thosvgh
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woundad Loobs,. Too novaral rebnods oF woundl FEE AU Lo VI S SO



pulling of weeds, cultivation, soil insects, and others
{14). After ingression, the becteria readlly invade the
vascular olenents. Tho rate of invasion and infection of
rcots and stens is correluted with air and soll tempera-
ture.

During the course of thils investigation it was

~

dewonstrated that plugging of the xylem vessels of the

carnation may result Irom infection by P. garyophylli,

Accompanying thls plugging or blocking of the water con-
ducting vessels, an apperent lysis occurs. The effect of
the vacterial infection may ve apparent from the roots ug
into the apicel portions oI the nlant and out into the
leaves, In the dissolution of the lignifled cells various
products may be liberated, such as a form of glucose,
pectins, and lignin (1).

Tests of the effect of bacterial suspensions and
filtraves of bacterial suspensions resulted 1in the wilting
of bota rooted and wiwooted carnation cuttings. This wilt-
ing of these cuttings showed taat the toxie agent was {il-
terable. Upon treatment of {iltrate of bacterial suspen=-
sions with ethanol, 1t was found that cuttings 4id not
wilt. Tnls indicated that either the toxic agent respone
sible for wilt of these cuttings was precipitated by the
ethanol or it was lnactivated, Experlrments with extracts

frox: dlseased and healthy plants also bore tuis out.
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Wilt of tomato cutiings in yitro may result froam
an excess of glucosans or polysaccharides obtained from
non=-wilt producing paytopathogenic vacteria (6). It is a
matter of conjecture, tacreiors, wiether or not & toxin of
a nature any other thaen that of a polysaccharide could Lo

no wilt-inducing agent in carnatlons alffected by bacterial
wilte

Cbservations ol respiration effects showed that
in bacterial suspensions (filtered or unfiltered) and dis-
cased plant extracts (filtered or unfiltered) there was
greater guantity of gas liberated. This indicated that the
- _wat responsible for bvacterial wilt infection may increase
the respiration rate of caranation roots.

Transpiration studies indlcated a correlation be=
tween the effects ol rooted and unrooted cuttings in
storile water and betweecn rooted and unrooted cutiings in
baecterial suspension. JSince rooted and unrooted cuttings
responded in similer manner to the bacterial suspension,
it is possible to rule out mochanical blocking as the pri-
mary cauvse of wilt-inductlon in the unrooted cubtings.

ihe reduction of the concentratlion of the free

wino aclds, aspartic acid, serine, asparagine, glutsnaine,
and GABA in the diseased plant extract indicated a change
ia‘nO'mal metabollism in diseassd plants probably due o

the preseunce of the bacteria, Asparagine can be utilized

by P. caryovhylli (3). <“here may be direct correlations
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botween these changes and the evideace ol wilitimyg, bul e

exact mechaniamns involved awalilt further exploratica.

Collulose consisis of long chalns of linkod flu-

cose residues (1) Variance analysis of zlucoazso saowad 0o

change in the concentration of glucose from the asalvhy Lo
diseased plants. dowever, total sugars in disesscd and

EaEAr-

acoditay plants werce nob measured. IFrucltose was signilie

3
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ed and an unldentified sugar was signivi-
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cantly decrcused in discased plant extract. Iue to in-
sufficlent experimentutlon and data, aay Jaterprevations
of this would be a matber of conjeciure.

| Since a toxin as an exelusive azent of wilting

-

was not substantiated, it would appear that the increased
&

reve of idnvasion and iafectlon due te hizh temperature,

3

accompanied by lysis, increased respiration, and blocizing

-

~

off of the water supply by piugging of the xylem vessalg
tegether with the presence of a toxin could account for
the sudden wilting of carnation plants infected with bac-
terial wilte ‘he wilt, however, may probavly be due to
combinations of these lactors rather than to any one

factore.
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4, Deternine whether the toxlie agent is pre-
&G 1ln the insocluble fraction or whether it is lae
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activated oy the ethanol.
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tiecs of carnations tholt conhance varietal resistance,
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8. Test osmotic concentration of cell sop ol

arnation infected wiin

s
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dlscasced

g

healthy coraations a
bacterial wilt,
7« Test total ninnydrinercaciing frae aming
acids in heelthy and diseased carnatvions,
8. Test total sugars in hwalthy and digeased

carnations.



Chaptoer VI
SUMMARY

In preliminary experiments carnations wlilted when
placed in a {iltrate of o bacterial suspension of P. cary=-
ophylli. Since bacterial wilt of carnations is a vascular
disease, it is possible either that a toxin or mechanical
plugging or a combination of both may be the cause of the
wilt,

ilistological cxplorations revealed that the
xylem vessels In part were plusged. Lysls of the Xylenm
~vessels was also observed. Longitudinal stem section
showed that infection was carried to the upper portions
of a branch and into the lsaves., It was evident that
plugping end lysis vere net confined exclusively to the
lower portlons of the stem. Bacterla were not found in
parenchyma tissue, althouzh in some cases there was ap=
parently & preliferation of c¢ells in thoe form of & perie
dern around & small infocted arca of xylem vessels.

Proteins in the bacterial filtrate were removed
by precipitation with othancl. Tho excess alcohol was
removed by evaporation and the residue tested for wilie
inducing properties on healthy rooted carnatlion cuttings.

The results were negative, Tals sug:ests that the wilt-
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(1

inducing factor is eithor destroyod by the alcohol or may
be present in the insoluble fraction.

Paper-partition chromatograshy ef Ifree amino
acids shewed significant reductiocns in the concentration
of same of the free amino wveclds in the dlscased as cou~
pared wiiih the healthy carnatlion plants, Thls indicates
a change in normal metsbolism in the diseased plants
probably due to the presence of the bacterla.

Guantitative sugaer analysis resulted in an ine-
crease in fructosse end & decrease in an wnidentified sugar
in the discased plants, wheroas glucose remained the same.

It is postulated thai the wilt~induction is due

[

o the combination of several factors such as, a) increased
temperabure, b) accompanied by lysis, ¢) inecreascd respirae
tion, and 4) the mechanicel tlocking of water conduction

vessels,
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Law data for this study are
on file 1in the wseparisant

of Botaay and Plant Pathology,
Golorado Agrlcultural and
lechanical College, Fford

Collins, Coloradoe.
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